The relationship between linguistic and non-linguistic cognitive control skills in bilingual children from low socio-economic backgrounds by Milijana Buac & Margarita Kaushanskaya
ORIGINAL RESEARCH ARTICLE
published: 26 September 2014
doi: 10.3389/fpsyg.2014.01098
The relationship between linguistic and non-linguistic
cognitive control skills in bilingual children from low
socio-economic backgrounds
Milijana Buac and Margarita Kaushanskaya*
Communication Sciences and Disorders, Waisman Center, University of Wisconsin–Madison, Madison, WI, USA
Edited by:
HanakoYoshida, University of
Houston, USA
Reviewed by:
Evie Malaia, University of Texas at
Arlington, USA
Kristina Kasparian, McGill University,
Canada
*Correspondence:
Margarita Kaushanskaya,
Communication Sciences and
Disorders, Waisman Center,
University of Wisconsin-Madison,
1500 Highland Avenue, Madison,
WI 53705, USA
e-mail: kaushanskaya@wisc.edu
The present study examined whether linguistic cognitive control skills were related to
non-linguistic cognitive control skills in monolingual children (Study 1) and in bilingual
children from low socio-economic status (SES) backgrounds (Study 2). Linguistic inhibitory
control was measured using a grammaticality judgment (GJ) task in which children judged
the grammaticality of sentences while ignoring their meaning. Non-linguistic inhibitory
control was measured using a ﬂanker task. Study 1, in which we tested monolingual
English-speaking children, revealed that better inhibitory control skills, as indexed by the
performance on the ﬂanker task, were associated with improved performance on the GJ
task. Study 2, in which we tested bilingual English-Spanish speaking children from low
SES backgrounds, revealed that better non-linguistic inhibitory control skills did not yield
better performance on the GJ task. Together, these ﬁndings point to a role of domain-
general attentionmechanisms in language performance in typically developingmonolingual
children, but not in bilingual children from low SES. Present results suggest that the
relationship between linguistic and domain-general cognitive-control abilities is instantiated
differently in bilingual vs. monolingual children, and that language-EF interactions are
sensitive to language status and SES.
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INTRODUCTION
A large body of research suggests that bilingualism may positively
impact cognitive control mechanisms (e.g., Bialystok, 1999;
Bialystok et al., 2004; Bialystok andMartin, 2004; Kroll et al., 2008;
Kovács and Mehler, 2009) and executive functions (EF) in gen-
eral. Executive functions refer to cognitive processes that aid in
controlling and monitoring goal-directed behavior. They include
the ability to inhibit irrelevant information and/or responses, the
ability to shift between tasks or mental schemas, and the ability
to update information in working memory (Miyake et al., 2000).
Bilingual advantages have been observed in populations spanning
a wide age range, from infancy to old age (e.g., Bialystok et al.,
2004, 2005, 2006; Costa et al., 2008; Kovács and Mehler, 2009;
Bialystok, 2010), and on a wide array of tasks requiring conﬂict
resolution (e.g., Flanker: Carlson and Meltzoff, 2008; Costa et al.,
2008; Simon: Bialystok, 2006; Martin-Rhee and Bialystok, 2008;
Stroop: Bialystok et al., 2008). In such tasks, congruent, incongru-
ent, and neutral stimuli are presented, where incongruent trials
require inhibition of irrelevant information while attending to
task-relevant information. Typically, when bilingual advantages
are observed, they are observed on the incongruent trials that
require increased cognitive control (e.g., Costa et al., 2008; Prior
and MacWhinney, 2010), although recent studies have yielded
overall bilingual advantages on cognitive control tasks, including
the congruent trials (Costa et al., 2009).
The favored hypothesis for explaining these bilingual EF advan-
tages is that bilinguals’ two languages are continuously activated
and, therefore, bilingual speakers are required to continuously
monitor their linguistic environment in order to inhibit the
irrelevant language. Thus, executive control exercised at the lin-
guistic level is theorized to generalize to the non-linguistic level
(Bialystok, 2001) resulting in enhanced cognitive control skills.
However, the relationship between the linguistic and the non-
linguistic cognitive control systems is poorly understood, and
very few studies have examined the link between the two con-
trol systems directly (but see Alario et al., 2012 for an exception).
Furthermore, conﬂicting evidence with regard to bilingual EF
advantages has been accumulating with an ever-growing num-
ber of studies yielding a lack of bilingual–monolingual differences
on non-linguistic cognitive control measures (e.g., Morton and
Harper, 2007; Hilchey and Klein, 2011; Paap and Greenberg,
2013; Paap, 2014). One factor that appears to contribute sig-
niﬁcantly to the ability to observe bilingual advantages on EF
tasks is socio-economic status (SES; Morton and Harper, 2007).
The goals of the present study were twofold. First, we aimed
to contribute to the literature on the roots of bilingual EF
advantages by exploring the relationship between linguistic and
non-linguistic cognitive control skills in monolingual vs. bilin-
gual children. Second, we aimed to contribute to the debate
regarding the inﬂuences of SES to the development of linguistic
and non-linguistic inhibitory control by exploring the relation-
ship between them in two separate populations that represent
the common demographic trends associated with monolingual-
ism vs. bilingualism in the U.S.: a group of monolingual
www.frontiersin.org September 2014 | Volume 5 | Article 1098 | 1
Buac and Kaushanskaya Linguistic and non-linguistic cognitive control
English-speaking children from middle SES backgrounds and a
group of bilingual Spanish–English speaking children from low
SES backgrounds.
THE ROLE OF SES IN BILINGUAL EF PERFORMANCE
While reports of bilingual advantages on non-linguistic cogni-
tive control tasks continue to appear regularly in the literature,
a number of studies have also reported more complex results
regarding bilingual performance on conﬂict resolution tasks. The
nuanced nature of bilingual EF advantages appears to be con-
ditioned both by the cognitive control tasks used (Hilchey and
Klein, 2011) and by the socio-demographic characteristics of the
populations tested (Morton and Harper, 2007). SES in particular,
and the distinct SES niches occupied by bilingual vs. monolingual
populations in the United States, has become the focus of much
debate on the differences between bilinguals’ and monolinguals’
EF skills.
It is well documented that SES impacts children’s cogni-
tive development (Liaw and Brooks-Gunn, 1994; Smith et al.,
1997; Hoff, 2003; Mezzacappa, 2004; Ardila et al., 2005; Hughes
and Ensor, 2005; Noble et al., 2005). A study by the National
Institute of Child Health, and Human Development (NICHD)
Early Child Care Research Network (2003) revealed that the
quality of the child’s home environment was a signiﬁcant pre-
dictor of children’s executive control and children’s ability to
sustain attention. Similarly, Mezzacappa (2004) examined the
impact of socio-demographic characteristics on children’s per-
formance on the Attentional Network Test (ANT; Fan et al.,
2002), and found that children from high SES backgrounds
were more accurate and faster on the task compared to children
from lower SES backgrounds. A more recent study by Kishiyama
et al. (2009) examined prefrontal cortex functioning using elec-
trophysiological data in children from low SES and children
from higher SES. Kishiyama et al. (2009) found that measures
of attention yielded reduced activation of the prefrontal cortex
in children from lower SES when compared to children from
higher SES. Therefore, neurophysiological evidence is consistent
with behavioral studies indicating that children from lower SES
environments are at a disadvantage on measures of executive
functions.
One main criticism of research examining differences between
monolingual and bilingual cognitive controlmechanisms has been
the lack of control of factors such as SES. A recent series of
commentaries between Bialystok (2009) and Morton and Harper
(2009) speciﬁcally focused on this matter. While Morton and
Harper (2009) maintained that SES may have been confounded
with bilingualism in prior studies that have observed bilingual
EF advantages (and in fact observed no differences between the
groups of monolingual and bilingual children matched on SES),
Bialystok (2009) argued that prior studies on bilingual advantages
conducted in her laboratory had taken SES into consideration
by recruiting children from the same schools and neighborhoods
(thus implying similar SES backgrounds).
Several recent studies have explicitly considered the impact of
SES on bilingual children’s EF performance, and found bilingual
advantages (Carlson and Meltzoff, 2008; de Abreu et al., 2012;
Calvo and Bialystok, 2014). For example, a recent study by Calvo
andBialystok (2014) demonstrated that bilingualism and SES have
a signiﬁcant but independent impact on bilingual children’s perfor-
mance on tasks of executive functions. Calvo and Bialystok (2014)
recruited two groups of monolingual and bilingual children: chil-
dren from working class families and children from middle class
families. Results revealed that children from middle class families
outperformed children fromworking class families onmeasures of
vocabulary and EF, regardless of language background. However,
the impact of bilingualism and SES did not interact; bilingual chil-
dren obtained lower English vocabulary scores compared to their
monolingual peers (regardless of which SES group they were in),
but also outperformed monolingual children on EF tasks. The
authors interpreted these results to mean that bilingualism decel-
erates bilinguals’ vocabulary development while at the same time
accelerating EF skills, independent of SES.
One other study attempted to control for the impact of SES on
bilinguals’ EF performance by comparing a group of low SES
bilinguals to a group of monolingual peers also from a low SES
background (de Abreu et al., 2012). Speciﬁcally, de Abreu et al.
(2012) examined cognitive control skills in a group of low SES chil-
dren fromPortugalwho immigrated to Luxemburg andwere being
raised as Portugal-Luxemburgish bilinguals, and compared them
to their monolingual peers from low SES families who resided
in Portugal. Results showed bilingual advantages in conﬂict res-
olution, suggesting that bilingualism in the context of a low SES
environment can yield EF advantages.
A different approach to examining the effects of SES on
bilingual EF skills was taken by Carlson and Meltzoff (2008),
who carefully covaried factors that differentiated the bilin-
gual and the monolingual children in their study, including
SES. Carlson and Meltzoff (2008) administered a number of EF
measures to monolingual English-speaking children, bilingual
Spanish–English-speaking children, and native English-speaking
children enrolled in Spanish–English dual immersion programs.
Because analyses revealed signiﬁcant between-group differences
in age, SES, and verbal ability, Carlson and Meltzoff (2008)
statistically controlled for those variables in all between-group
comparisons. Results revealed a bilingual advantage where the
bilingual group outperformed both the monolingual group and
the dual-immersion group once differences in age, verbal ability,
and SES were statistically controlled. However, no differences on
EF measures were observed among the three groups when these
factors were not covaried.
Thus, attempts to control for SES in prior literature on bilin-
gual EF advantages appear to suggest that although SES plays an
important role in EF development, bilingualism can contribute
to EF skills independently and positively. However, one difﬁculty
with interpreting the results of these prior studies on the inter-
action between SES and bilingualism in shaping EF skills is the
problematic nature of the approaches taken to examine these inter-
actions. With regard to de Abreu et al. (2012) approach, matching
the levels of SES across monolingual and bilingual children did
not eliminate the issue of comparing immigrant children living in
one country to non-immigrant children living in another coun-
try. Immigration status may have signiﬁcant repercussions for life
experiences that can contribute toEFperformance (such as school-
ing, for example), and can contaminate bilingual/monolingual
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comparisons when the two populations are drawn from different
countries (see Paap, 2014 for a similar interpretation).With regard
to Carlson and Meltzoff (2008) approach, statistically covary-
ing SES in the analyses of EF skills is problematic because SES
is strongly linked to the dependent variable in such analyses.
This can result in serious biases because analyses of covariance
are founded on the assumption of low interdependence between
the covariate and the dependent variable (Owen and Froman,
1998).
Given contentious results regarding the interactions between
bilingualism and SES, it is important to consider the context in
which prior studies of bilingual EF were conducted. The major-
ity of research examining the impact of bilingualism on cognitive
control mechanisms has been conducted with bilingual partic-
ipants who are well educated (Morton and Harper, 2009) and
have income levels that are equivalent to those of monolingual
English-speaking citizens. For example, in many of Bialystok’s
studies (see commentary Bialystok, 2009) and in Morton and
Harper (2007) study, the bilingual samples came from middle-
class families. However, in the United States, the demographic
characteristics are more complex, such that monolingual children
and bilingual children often occupy distinct socio-demographic
niches. Monolingual English-speaking children in theUS are likely
to be Caucasian, and to occupy middle SES households (Lopez
and Velasco, 2011). Conversely, the largest bilingual population
in the US is of Hispanic background, and likely to be ﬁrst or
second-generation immigrants. There are 10.9 million Hispanic
students enrolled in the US schools (Kohler and Lazarín, 2007),
and 26.9% of Hispanic immigrants in the US live in poverty
(Camarota, 2012). Therefore, examining the effects of bilingual-
ism on cognitive function in the context of a low SES Hispanic
population is important, as the ﬁndings would be more likely
to generalize to a large number of children and would speak to
the possibility that bilingualism may offset the negative inﬂuences
of poverty on EF development. However, comparing bilingual
children from this background to their monolingual counter-
parts while matching the groups on SES, ethnicity, immigrant
status, etc., is unfeasible. Furthermore, such a comparison is eco-
logically misaligned with the current demographic trends in the
United States, where the majority of monolingual children do
not share socio-demographic characteristics with Hispanic bilin-
gual children. Apart from the difﬁculties associated with matching
the demographic characteristics across bilingual and monolingual
samples in studies of executive function, the examination of bilin-
gual effects on EF is complicated by the lack of understanding as to
the precise mechanisms that link non-linguistic cognitive control
skills with language experience.
MEASURING LINGUISTIC AND NON-LINGUISTIC COGNITIVE CONTROL
SKILLS
Studies examining the relationship between linguistic and non-
linguistic cognitive control skills are rare. In one recent study,
Alario et al. (2012) examined the relationship between monolin-
gual children’s performance on language tasks (picture naming
and lexical decision) and their performance on non-verbal tasks
(Simon and hue discrimination). Their analyses revealed null
results in that there was no relationship between the linguistic
and the non-linguistic tasks, indicating domain-speciﬁc cognitive
control skills in monolinguals. However, studies of cross-domain
relationships in bilingual populations have indicated possible
linkages between linguistic and non-linguistic cognitive control
mechanisms (Blumenfeld and Marian, 2011; Kaushanskaya et al.,
2014).
Studies examining the relationship between linguistic and
non-linguistic cognitive control skills in bilingual populations
have mainly focused on code-switching and task-switching per-
formance (e.g., Festman et al., 2010; Prior and Gollan, 2011;
Weissberger et al., 2012). For example, Festman et al. (2010) found
that those bilinguals who performed better on a picture naming
task, a measure of linguistic control, also performed better on a
measure of non-linguistic inhibitory control. Furthermore, a few
studies that have compared the strength of relationships between
domains in bilingual vs. monolingual speakers, have generally
observed stronger links between cognitive and linguistic perfor-
mance in bilinguals. For example, Blumenfeld and Marian (2011)
examined the relationship between performance on an auditory
processing task requiring resolution of phonological conﬂict and
performance on a non-verbal Stroop task in bilingual vs. monolin-
gual adults, and found a strong relationship between the linguistic
and the non-linguistic tasks in their bilingual sample, but not in
their monolingual sample. Similarly, in a recent study, Kaushan-
skaya et al. (2014) found strong relationships between verbal
working memory and task-shifting performance in a sample of
school-age children enrolled in Spanish–English dual-immersion
programs, but not in a sample of monolingual school-age children
attending English-only programs.
Thus, only a handful of studies examined the relationship
between linguistic and non-linguistic skills in bilinguals, and
these diverged greatly in tasks, populations, and methodologies.
Furthermore, the existence of such linkages in the monolingual
populations has been inconsistently observed (Alario et al., 2012),
and the explanation of such linkages (or lack thereof) has been
largely conjectural. For example, Blumenfeld and Marian (2011)
accounted for the stronger link between conﬂict resolution on an
auditory comprehension task and cognitive control in bilingual
vs. monolingual adults by suggesting that resolution of competi-
tion during language processing and resolution of conﬂict during
cognitive processing tap into the same mechanism in bilinguals
but not in monolinguals. They attribute this to bilinguals’ greater
need to resolve linguistic conﬂict. Conversely, Alario et al. (2012)
attributed the null ﬁndingswith regard to the relationship between
verbal processing and cognitive control in monolingual partic-
ipants to lower variability in the monolingual population with
regard to both of these domains than in the bilingual popula-
tion. Therefore, the main objective of the current study was to test
the relationship between control skills in the linguistic and non-
linguistic domain in monolingual and in bilingual children. The
secondary goal was to explore the contribution of SES to bilingual
children’s performance on the linguistic and the non-linguistic
cognitive control tasks.
THE CURRENT STUDY
The starting point for the present study was the observation that
it is unfeasible, in the context of the United States, to compare
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a demographically representative sample of Spanish and English
speaking bilingual children to a matched sample of English-
speaking monolingual peers. That is, although it is possible to
locate monolingual children from low SES backgrounds and bilin-
gual children from middle SES backgrounds, these children would
still mismatch on one or more of other characteristics that can
inﬂuence EF abilities (such as immigrant status, family struc-
ture, ethnicity, etc.). Therefore, rather than taking the traditional
comparative approach and searching for bilingual advantages or
disadvantages while attempting a match in SES across the two
in language groups, the present study focused on examining
the relationship between linguistic and non-linguistic cognitive
control abilities in a sample of monolingual children from mid-
dle SES backgrounds and in bilingual children from low SES
backgrounds. In this way,we aimed to delineate the possiblemech-
anisms that may give rise to cognitive advantages associated with
bilingualism. Study 1 was designed to establish whether or not
a relationship exists between linguistic and non-linguistic cogni-
tive control skills in a sample of typically developing monolingual
English-speaking children from middle SES backgrounds (the
group traditionally studied by research focusing on EF abilities).
Because of the sparseness of available research directly assessing
the relationship between linguistic and non-linguistic cognitive
control, such an approach is a necessary starting point for any
work attempting to link language experience to cognitive control
mechanisms. Study 2 was designed to explore this relationship
in a sample of Spanish–English bilingual children from low SES
backgrounds.
In order to examine linguistic cognitive control skills, a gram-
maticality judgment task similar to one developed by Bialystok
(1986) and used by Lum and Bavin (2007) was designed. The
task was designed to manipulate both grammar and semantics,
such that children were required to only respond to the grammat-
icality of the sentences and to ignore their meaning. Therefore,
this task is ideally suited to the purposes of this study because
of the documented increased need to inhibit irrelevant semantic
information in sentences that were grammatical but meaning-
less and in sentences that were ungrammatical but meaningful
(Bialystok, 1986; Lum and Bavin, 2007). A ﬂanker task was used to
measure children’s non-linguistic inhibitory control. The ﬂanker
task required individuals to indicate the direction of a central
arrow while ignoring the direction of ﬂanking arrows, and has
been used widely as a measure of non-linguistic inhibitory con-
trol in prior studies (e.g., Bialystok et al., 2004, 2008; Costa et al.,
2008).
Children’s performance on the ﬂanker was used to split the
children into two inhibitory-control groups – the good inhibitors
and the poor inhibitors. This grouping served as the independent
variable, and performance on the GJ task served as the dependent
variable. This approach enabled us to examine the relationship
between children’s inhibitory control in the non-linguistic and
linguistic domains. In Study 1, we examined the relationship
between linguistic cognitive control and non-linguistic cognitive
control in monolingual English-speaking children from middle
SES backgrounds, representing the majority of the monolin-
gual US population. In Study 2, we examined this relationship
in Hispanic bilingual children from immigrant families and low
SES backgrounds, representing the majority of the bilingual US
population. We broadly hypothesized that if linguistic and non-
linguistic cognitive control skills are mechanistically linked, then
good inhibitors (identiﬁed based on their ﬂanker performance)
would outperform poor inhibitors on the grammaticality judg-
ment task, especially in conditions where children were required
to inhibit incongruent semantic information. Given that prior
studies have indicated that both SES and bilingual status can inﬂu-
ence cognitive-control performance, we also anticipated different
patterns of relationships in monolingual children (Study 1) and
bilingual children (Study 2).
STUDY 1 METHOD
PARTICIPANTS
Forty-six (30 boys) typically developing (TD) monolingual,
English-speaking children (Mage = 8.50, SD = 0.78) partic-
ipated in Study 1. Children’s primary caregivers completed a
questionnaire regarding the children’s current medical status,
socioeconomic status, medical history, and language development
history. Children were retained for the analyses if they did not
have disorders such as language impairment, developmental dis-
abilities, or emotional or other psychological disorders. In order to
rule out attentional deﬁcits in the sample, the parents completed
the Conners 3rd Edition (Conners, 2008), a questionnaire used to
identify Attention Deﬁcit Hyperactivity Disorder (ADHD). Any
child who obtained a T-score higher than 60 on the Conners Inat-
tention Scale and on the Conners Hyperactivity/Impulsivity Scale
was excluded from the analyses. In addition, all participants passed
a bilateral pure tone hearing screening at 25 dB.
In studies of language acquisition, SES is most often indexed
by maternal level of education (Ensminger and Fothergill, 2003).
In the current study, children’s SES was reported by primary
caregivers in the background questionnaire. Primary caregivers
indicated their level of education on a scale ranging from 1, Less
than High School to 8, Professional/Doctoral Degree. The average
SES for the sample was 6.26 (4-year college degree; SD = 1.10).
The majority of the sample had either a 4-year college degree or a
master’s degree. Of the total sample, four primary caregivers had
a professional degree. This indicated that, on average, the sample
came from middle to upper class SES backgrounds.
PROCEDURE
Grammaticality judgment task
To measure children’s linguistic cognitive control skills, a gram-
maticality judgment task based on the task developed by Bialystok
(1986) was used. Children heard four types of sentences: (1)
grammatical and meaningful sentences (GM: Dora is sliding down
the red slide); (2) ungrammatical and meaningful sentences (gM:
Yesterday, the baby cry all night long); (3) grammatical and mean-
ingless sentences (Gm:The pillow talks to itself every night); and (4)
ungrammatical andmeaningless sentences (gm:The car is sit on the
house). Each sentence consisted of early acquired syntactic struc-
tures targeting knowledge of three grammatical rules (past tense,
present progressive, and third person singular). Each sentence was
8 (±1) words in length.
First, children heard 24 practice sentences (six per each condi-
tion) to ensure understanding of the task. Childrenwere instructed
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to attend to the “Word Rule,” in which they were required to make
sure that there were no mistakes in any of the words and that
there was nothing missing in each sentence. They were instructed
not to attend to the “Meaning Rule,” that is, the whole idea of
the sentence. If a child responded incorrectly during the practice
trials, the experimenter provided explanatory feedback regarding
whether or not that sentence followed the “Word Rule.” Follow-
ing the practice trials, children heard a new set of 48 sentences
(12 per condition), presented in a different randomized order
to each child; children did not receive visual or verbal feedback
on their performance. Children were instructed to respond as
quickly as possible, and were allowed to respond at any time
post sentence onset. As a result, although both accuracy and RT
data were collected, only accuracy data were interpretable and
analyzable.
Flanker task
To measure children’s non-linguistic inhibitory control, a ﬂanker
task (Eriksen and Eriksen, 1974) containing congruent and incon-
gruent trials was used. The ﬂanker task required the children to
respond, as quickly as possible, to the direction of a middle arrow,
which was ﬂanked by two distracter arrows on both sides. On the
congruent trials, the target arrow and the ﬂanker arrows faced in
the same direction. On the incongruent trials, ﬂanker arrows were
associated with a competing response (facing the opposite direc-
tion from the target arrow). Participants completed 10 practice
trials prior to the experimental task in order to ensure understand-
ing of the rules. Participants completed a total of 80 experimental
trials (40 congruent and 40 incongruent), presented in a different
randomized order to each child. Both accuracy (proportion cor-
rect) and RT data were collected. The RTs were recorded from the
time that the children saw the display until they pressed a key in
response. RTs that were above or below 2 SDs from a child’s mean
were eliminated, resulting in the total loss of 4.19% of the RT data.
Standardized measures
Each child completed standardized measures of expressive and
receptive language and non-verbal intelligence. A comprehen-
sive language assessment, the Clinical Evaluation of Language
Fundamentals-Fourth Edition (CELF-4; Semel et al., 2003), was
used to evaluate each participant’s expressive (M = 115.15,
SD = 12.36) and receptive (M = 112.76, SD = 12.12) lan-
guage. To evaluate children’s nonverbal intelligence (M = 112.17,
SD = 17.35), the Visual Matrices subtest of the Kaufman Brief
Intelligence Test (KBIT-2; Kaufman and Kaufman, 2004) was used.
These data conﬁrmed that the children’s language abilities and
non-verbal intelligence were within normal limits.
DATA ANALYSES
The data were analyzed in three phases. First, children’s perfor-
mance on the GJ task and the ﬂanker task was examined in order
to conﬁrm that the two tasks were capturing the variables of
interest (namely, increased difﬁculty with processing incongru-
ent semantic information on the GJ task, and increased difﬁculty
with processing conﬂicting visual information on the ﬂanker task).
These analyses were performed on the total sample. Second,
children were split into two groups based on their performance
on the ﬂanker task, and the effect of this independent variable on
GJ performance was examined. Lastly, bivariate correlations and
multiple regressions were performed to examine whether there
was a relationship between SES and children’s performance on
the GJ and their ﬂanker inhibition index, and whether SES and
non-linguistic inhibitory control contributed independently to
linguistic inhibitory control performance.
RESULTS
PERFORMANCE OF THE SAMPLE AS A WHOLE
Grammaticality judgment results
Accuracy data were analyzed using a 2 × 2 repeated-measures
ANOVA with grammar and semantics as the independent
variables. The ANOVA revealed a signiﬁcant main effect
of grammaticality, [F(1,44) = 23.28, p < 0.001] and a
signiﬁcant interaction between grammaticality and semantics,
[F(1,44) = 12.65, p < 0.05]. The main effect of semantics
was not statistically signiﬁcant, [F(1,44) = 0.10, p = 0.76].
The signiﬁcant two-way interaction was followed-up with two-
tailed related-samples t-tests contrasting grammatical sentences
that were congruent versus incongruent as well as ungrammat-
ical sentences that were congruent versus incongruent. For the
grammatical sentences (GMandGm), children showed signiﬁcant
interference effects in that they were more accurate on the sen-
tences in which grammar and semantics aligned (GM; M = 0.95,
SD = 0.08) versus the sentences in which grammar and seman-
tics did not align (Gm; M = 0.92, SD = 0.15), [t(44) = 2.31,
p = 0.026; Cohen’s d = 0.31]. Likewise, for the ungrammatical
sentences (gm and gM), children showed signiﬁcant interference
effects in that they were more accurate on the sentences in which
grammar and semantics aligned (gm; M = 0.88, SD = 0.10)
versus the sentences in which grammar and semantics did not
align (gM; M = 0.84, SD = 0.08), [t(44) = 2.67, p = 0.011;
d = 0.48].
Flanker results
Related-samples t-tests were performed to analyze the accuracy
data on the ﬂanker task and revealed that children were more
accurate on the congruent trials (M = 0.90, SD = 0.12) compared
to the incongruent trials (M = 0.86, SD = 0.14), [t(45) = 3.89,
p < 0.001; d = 0.33]. Similarly, children were quicker to respond
to the congruent trials (M = 644.04, SD= 87.36) versus the incon-
gruent trials (M = 658.81, SD = 93.00), [t(45) = –2.87, p< 0.01;
d = –0.16].
ANALYSES LINKING GJ AND FLANKER PERFORMANCE
The ﬂanker accuracy data were used to derive a ﬂanker inhibi-
tion index because the use of accuracy data as both a predictor
and an outcome variable served to maintain consistency across
the two tasks. The ﬂanker inhibition index was calculated by
subtracting accuracy scores on the incongruent trials from the
accuracy scores on the congruent trials for each child. Children
with scores closer to zero would therefore have better inhibitory
control skills than children with positive difference scores between
congruent and incongruent trials. A median-split was performed
on the ﬂanker inhibition index data (M = 0.03). The median split
resulted in two groups of children: good inhibitors (n = 19) and
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poor inhibitors (n= 26). Childrenwith good inhibitory skills were
those whose inhibition index was below the median (i.e., below
0.03, Range: –0.07 to 0.28) and children with poor inhibitory skills
were those whose inhibition index was at or above the median
(i.e., 0.03 and above). The two groups were compared to each
other on demographic variables and language/cognitive measures
in order to check for the possibility that themedian-split procedure
yielded uneven groups with regards to these background vari-
ables. Independent-samples t-tests with inhibitory-index group
as the between-subjects independent variable revealed that the
two groups signiﬁcantly differed only on the ﬂanker inhibition
score [t (44) = –7.30, p < 0.001]. The two groups did not differ
on any demographic or language/cognitive characteristics (all p
values>0.1; see Table 1).
In order to examine the relationship between inhibitory-
control skills and GJ performance, the four grammaticality judg-
ment conditions were collapsed into two conditions, congruent
(GM and gm) and incongruent (Gm and gM), in order to increase
statistical power. Independent-samples t-tests were used to exam-
inedifferences inperformancebetween the good inhibitors and the
poor inhibitors on the two grammaticality judgment conditions.
There was a trend for the good inhibitors (M = 0.94, SD = 0.05)
to outperform the poor inhibitors (M = 0.91, SD = 0.09) on the
congruent GJ condition, but this difference was not statistically
signiﬁcant, [t(43) = 1.27, p = 0.21; d = 0.40]. However, when
accuracy data for the incongruent GJ condition were considered,
the good inhibitors (M = 0.91, SD = 0.04) were found to signif-
icantly outperform the poor inhibitors (M = 0.85, SD = 0.11),
[t(43) = 2.13, p < 0.05; d = 0.68].
ASSESSING THE IMPACT OF SES
Correlation analyses revealed a signiﬁcant relationship between
GJ incongruent accuracy data and SES (r incongruent = 0.39,
p < 0.05). However, lack of relationships was observed between
SES and the ﬂanker inhibition index (r = –0.07, p = 0.64),
and the GJ congruent accuracy data (r congruent = 0.11,
p = 0.45).
Next, two separate regression models were built, one for the GJ
congruent data and one for the GJ incongruent data. Children’s
SES was entered as the initial predictor, followed by the ﬂanker
inhibition index. The GJ data served as the dependent variable.
Table 1 | Study 1: Monolingual background information for the good
inhibitors and the poor inhibitors.
Good inhibitors Poor inhibitors t-test
N 19 26
Flanker inhibition index –0.02 (0.02) 0.09 (0.01) t (44) = –7.30*
Age (years) 8.73 (0.85) 8.34 (0.69) t (44) = 1.68
SES 6.21 (1.23) 6.29 (1.03) t (44) = –0.26
Non-verbal IQ 114.37 (15.09) 110.63 (18.90) t (44) = 0.72
Receptive language 114.15 (12.98) 111.15 (11.44) t (44) = 0.44
Expressive language 118.58 (13.17) 112.74 (11.40) t (44) = 0.89
*Signiﬁcant at p < 0.001.
Together, SES and the ﬂanker inhibition index explained 10.4% of
the variance in the congruent condition [R2 = 0.10, F(2,42) = 2.24,
p = 0.10]. While SES did not signiﬁcantly predict congruent
GJ accuracy (β = 0.09, p = 0.57), the ﬂanker inhibition index
did (β = –0.30, p < 0.05). Together, SES and ﬂanker inhibi-
tion index explained 17.5% of the variance in the incongruent
condition [R2 = 0.17, F(2,42) = 4.46, p < 0.05]. The ﬂanker
inhibition index marginally predicted incongruent GJ accuracy
(β= –0.24, p= 0.09),while SES predicted it signiﬁcantly (β= 0.32,
p < 0.05).
STUDY 1 DISCUSSION
Study 1 was designed to examine the relationship between lin-
guistic and non-linguistic cognitive control skills in typically
developing English-speaking monolingual children from middle-
class backgrounds. These children represent the majority of
monolingual populations in the US. We found that our sample
of monolingual English-speaking children experienced signiﬁ-
cant interference from incongruent semantic information when
engaging in a grammaticality judgment task. In line with previ-
ous studies that have observed a similar result (Bialystok, 1986;
Lum and Bavin, 2007), we interpret these ﬁndings to suggest
that children were required to inhibit the task-irrelevant semantic
information in order to attend to the task-relevant grammati-
cal information. The novel ﬁnding in the current study is that
children with better inhibitory control skills (as captured by the
non-linguistic ﬂanker task) were better able to inhibit irrelevant
semantic information when processing grammatical information.
The ﬁnding that the differences between good and poor inhibitors
held only for the incongruent but not the congruent sentences
suggests that the link between non-linguistic control and GJ
performance may be speciﬁc to the linguistic tasks that involve
inhibition.
Based on results in Study 1, it can be concluded that mono-
lingual children may recruit domain-general inhibitory con-
trol mechanisms during demanding linguistic processing tasks.
Importantly, such demands for heightened inhibitory control
during linguistic processing are likely to characterize not just per-
formance on this one very speciﬁc grammaticality judgment task
but instead the vast majority of interactions that children may
be involved in on a day-to-day basis. This is because most pro-
cessing of language occurs in noisy environments where a variety
of competing linguistic (and non-linguistic) information must
be ignored in order to zero in on the relevant linguistic informa-
tion. Therefore, the ﬁnding that typically-developingmonolingual
children who have poorer domain-general attention skills also
have poorer ability to process linguistic information is signiﬁcant
in that it suggests that even within the gamut of normal lan-
guage and attention skills, lower attention may constrain linguistic
abilities.
The question remains whether the same link between domain-
general inhibitory control mechanisms and linguistic inhibitory
controlmechanismswould exist for bilingual speakers. Such a rela-
tionship between linguistic and non-linguistic cognitive control
skills has been implied in the bilingualism literature, with bilin-
gual advantages in non-linguistic cognitive control attributed to
the need to exercise cognitive control during linguistic processing
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(Bialystok, 2001). However, there is limited evidence for a
direct link between linguistic and non-linguistic cognitive con-
trol mechanisms in bilinguals. Study 2 was designed to explore
the relationship between linguistic and non-linguistic cognitive
control skills in an ecologically representative sample of low SES
bilingual children residing in the US.
STUDY 2 METHOD
Thirty-nine (15 boys) typically developing (TD) bilingual,
Spanish-English-speaking children (Mage = 8.25, SD = 0.97) par-
ticipated in Study 2. The bilingual children’s primary caregivers
completed a questionnaire regarding the children’s current med-
ical status, socioeconomic status, medical history, and language
development history. The same exclusionary criteria as the ones
applied to themonolingual sample in Study 1were used in Study 2.
Any child who obtained a T-score higher than 60 on the Conners
Inattention Scale and on the Conners Hyperactivity/Impulsivity
Scale of the Conners 3rd Edition (Conners, 2008) was eliminated
from analyses. All participants had hearing within normal limits,
which was conﬁrmed by a bilateral pure tone hearing screening at
25 dB.
The majority of the children were of Latino background (62%),
10% were multiracial, and 28% were identiﬁed by their primary
caregivers as Caucasian. As a group, the children began producing
two-word phrases in English (M = 31.32, SD = 20.77) and in
Spanish (M = 37.37, SD = 21.83) around the same time. For the
majority of children, the caregivers reported Spanish as the native
language (49%). For 33%of the participants, the caregivers identi-
ﬁed English as the native language, and for 18%of the participants,
the caregivers reported acquisition of both English and Span-
ish from birth. Most children attended English-speaking schools
(67%), with the rest of the children (33%) attending Spanish-
English dual immersion programs. Per parent report, the majority
of the children preferred to speak English (69%), while 19% pre-
ferred English and Spanish equally, and 12% preferred to speak
Spanish.
Children’s SES was reported by primary caregivers on
the scale ranging from 1 (Less than High School) to 8
(Professional/Doctoral Degree). The average SES for the bilingual
sample was 4.29 (some college; SD = 2.31). Speciﬁcally, 22.2%
of the primary caregivers had less than a high school education;
14.6% had some high school education; 25.9% had a high school
or a GED equivalent education; 11.1% had some college; 7.4 %
had a 2-year college degree; 14.8% had a 4-year college degree; and
3.7 % had a master’s degree.
PROCEDURE
The bilingual children in Study 2 completed the same experimen-
tal tasks and standardizedmeasures as themonolingual children in
Study 1. For the ﬂanker task, 2.63%of the RTdatawere eliminated
from the analyses as outliers. TheCELF-4was used to evaluate each
bilingual participant’s English expressive (M = 97.66, SD = 16.47)
and English receptive (M = 92.43, SD = 20.16) language. The
Visual Matrices of the KBIT-2 revealed average non-verbal intel-
ligence skills (M = 103.92, SD = 17.89). All bilingual children
were also administered Spanish-language measures. Speciﬁcally,
the Clinical Evaluation of Language Fundamentals-Fourth Edition,
Spanish (CELF-4 Spanish; Wiig et al., 2006) was used to measure
each participant’s Spanish expressive (M = 86.36, SD = 9.69)
and Spanish receptive (M = 97.07, SD = 12.39) language skills.
The data conﬁrmed that the children’s Spanish and English lan-
guage abilities and non-verbal intelligence were within normal
limits.
RESULTS
PERFORMANCE OF THE SAMPLE AS A WHOLE
Grammaticality judgment results
Accuracy data were analyzed using a 2 × 2 repeated-measures
ANOVA with grammar and semantics as the independent
variables. The ANOVA revealed a signiﬁcant main effect for gram-
maticality, [F(1,38) = 24.13, p < 0.001] and a signiﬁcant inter-
action between grammaticality and semantics, [F(1,38) = 7.19,
p < 0.05]. The main effect of semantics was not statistically
signiﬁcant, [F(1,38) = 0.05 p = 0.82]. The signiﬁcant two-
way interaction was followed-up with two-tailed related-samples
t-tests contrasting grammatical sentences that were congruent ver-
sus incongruent as well as ungrammatical sentences that were
congruent versus incongruent. For the grammatical sentences
(GM and Gm), bilingual children showed signiﬁcant interfer-
ence effects in that they were more accurate on the sentences
in which grammatical and semantic information aligned (GM;
M = 0.87, SD = 0.17) versus the sentences in which grammat-
ical and semantic information did not align (Gm; M = 0.79,
SD = 0.25), [t(38) = –2.19, p = 0.03; d = 0.37]. A similar pat-
tern was observed for the ungrammatical sentences (gm and gM),
where children showed signiﬁcant interference effects and were
more accurate on the sentences in which grammatical and seman-
tic information aligned (gm; M = 0.68, SD = 0.21) versus the
sentences in which grammatical and semantic information did
not align (gM; M = 0.61, SD = 0.24), [t(38) = 2.43, p = 0.02;
d = 0.31].
Flanker results
Related-samples t-tests were performed to analyze the accuracy
data on the ﬂanker task and revealed that bilingual children were
more accurate on the congruent trials (M = 0.85, SD = 0.12)
compared to the incongruent trials (M = 0.76, SD = 0.19),
[t(36) = 3.83, p < 0.001; d = 0.57]. However, no signiﬁcant
differences were observed in reaction time data in that children
responded equally quickly to the congruent trials (M = 675.74,
SD = 87.32) and the incongruent trials (M = 685.54, SD = 86.29),
[t(36) = –1.56, p = 0.13; d = –0.11].
ANALYSES LINKING GJ AND FLANKER PERFORMANCE
Themedian split of the ﬂanker accuracy data resulted in a group of
17 good inhibitors and a group of 21 poor inhibitors. One child’s
data were not included due to missing ﬂanker data. The median
inhibition index was 0.05 (Range: –0.15 to 0.45). Therefore, chil-
dren with good inhibitory skills were those whose inhibition index
was below 0.05 and children with poor inhibitory skills were those
whose inhibition indexwas at or above 0.05. The twogroups signif-
icantly differed only on the ﬂanker inhibition score [t(36) = –6.77,
p< 0.01]. They did not differ on any demographic characteristics
(all p values> 0.1; see Table 2).
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Table 2 | Study 2: Bilingual background information for the good
inhibitors and the poor inhibitors.
Good
inhibitors
Poor
inhibitors
t-test
N 17 21
Flanker inhibition index –0.03 (0.05) 0.18 (0.12) t (35) = –6.77*
Age (years) 8.06 (0.89) 8.45 (1.01) t (36) = –1.26
SES 4.88 (2.36) 4.00 (2.19) t (36) = 1.16
Non-verbal IQ 108.69 (18.07) 100.10 (17.25) t (36) = 1.45
English receptive
language
100.38 (18.50) 95.37 (14.66) t (35) = 0.89
English expressive
language
92.63 (21.95) 92.26 (19.14) t (35) = 0.05
Spanish receptive
language
99.00 (13.66) 95.38 (11.35) t (35) = 0.79
Spanish expressive
language
84.00 (10.18) 88.06 (9.26) t (35) = –1.08
*Signiﬁcant at p < 0.001.
As in Study 1, the four grammaticality judgment conditions
were collapsed into two conditions, congruent (GM and gm)
and incongruent (Gm and gM), in order to increase statistical
power and to examine the relationship between inhibitory-
control skills and GJ performance. Independent-samples t-tests
yielded no signiﬁcant results. Speciﬁcally, the analyses showed
that the good inhibitors (M = 0.82, SD = 0.12) and the
poor inhibitors (M = 0.74, SD = 0.17) performed similarly
on the congruent GJ condition, [t(36) = 1.56, p = 0.07;
d = 0.54]. Likewise, the data for the incongruent GJ con-
dition did not yield signiﬁcant results; the good inhibitors
(M = 0.70, SD = 0.23) and the poor inhibitors (M = 0.71,
SD = 0.18), [t(36) = –0.04, p = 0.39; d = –0.05] performed
similarly.
ASSESSING THE IMPACT OF SES
Correlation analyses revealed a signiﬁcant relationship between
SES and GJ data (r congruent = 0.43, p < 0.05; r incongru-
ent = 0.39, p < 0.05). However, a lack of a relationship was
observed between SES and the ﬂanker inhibition index (r = –0.02,
p = 0.93).
As in Study 1, two separate regression models were built to
assess the impact of SES and the ﬂanker inhibition index on
the GJ performance. Together, SES and the ﬂanker inhibition
index explained 16.4% of the variance in the congruent condition
[R2 = 0.16, F(2,33) = 3.23, p = 0.05]. SES signiﬁcantly predicted
congruent GJ accuracy (β = 0.38, p < 0.05), but the ﬂanker inhi-
bition index did not (β = –0.12, p = 0.44). Together, SES and
the ﬂanker inhibition index explained 13.7% of the variance in
the incongruent condition [R2 = 0.14, F(2,33) = 2.61, p = 0.09].
SES signiﬁcantly predicted incongruent GJ accuracy (β = 0.35,
p < 0.05), while the ﬂanker inhibition index did not (β = 0.10,
p = 0.53).
STUDY 2 DISCUSSION
Study 2 was designed to examine whether a relationship between
non-linguistic and linguistic cognitive control skills would be
observed in a sample of socio-demographically representative
bilingual children in the US. Grammaticality judgment data
revealed that, just like the monolingual group in Study 1, and
similar to other studies that have used the GJ task to index lin-
guistic cognitive control (Bialystok, 1986; Lum and Bavin, 2007),
the bilingual group in Study 2 experienced signiﬁcant interfer-
ence from incongruent semantic information when engaging in a
grammaticality judgment task. Consistent with the classic inter-
pretation of these interference effects (Bialystok, 1986; Lum and
Bavin, 2007), we ascribe the differences observed in GJ per-
formance between congruent and incongruent sentences in the
bilingual group to the need to suppress incongruent semantic
information while responding to the grammaticality of the sen-
tence. However, in contrast to Study 1, in Study 2, when bilingual
children were divided into two groups (good inhibitors and poor
inhibitors) based on their performance on the non-linguistic cog-
nitive control task, no differences were observed between the two
groups on their performance on the grammaticality judgment
task.
Based on prior research regarding bilingual advantages in the
realm of EF (e.g., Kroll and Bialystok, 2013), we expected bilin-
gual children to show links between linguistic and non-linguistic
cognitive control that would be at least as strong as those observed
for the monolingual children in Study 1. Instead, we found that
Spanish-English bilingual children from lower SES backgrounds
experienced interference from competing semantic information
when processing sentences in English, but did not appear to recruit
domain-general cognitive control skills to resolve this interference.
The lack of signiﬁcant differences between the good inhibitors and
the poor inhibitors in Study 2maybe attributed to bilinguals’ lower
English language skills. That is, perhaps English language knowl-
edge in this group was too low to engender activation of semantic
information during grammatical processing, thus nullifying the
need to apply inhibition-based mechanisms during the process-
ing of the incongruent sentences. However, this explanation is
unlikely, due to two considerations. First, the bilingual group as a
whole performedwithin the average range on standardizedEnglish
language measures when compared to monolingual test norms.
Second, we observed signiﬁcant differences between congruent
and incongruent conditions on the GJ task in the accuracy data in
Study 2. Therefore, the bilingual children we tested had sufﬁcient
knowledge of English to experience interference from semantics
during grammatical processing. We propose that the lack of a rela-
tionship between linguistic and non-linguistic inhibitory control
in Study 2 reﬂects a true segregation of the two mechanisms in this
bilingual sample.
The ﬁndings of Study 2 may be speciﬁc to the group of bilin-
gual children tested here, and indeed it may be that in a group of
bilingual children fromadifferent socio-demographic and linguis-
tic background, a different pattern of results would be observed.
Bilingual advantages may be present for some bilingual popu-
lations but may not be present in others, and language history
together with SES are just some aspects that will vary when sam-
pling across bilingual populations. The fact that Study 2 did not
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ﬁnd a relationship between linguistic and non-linguistic cogni-
tive control skills in a sample of bilingual children in the U.S.
from low SES suggests that it is important to consider envi-
ronmental factors that can modulate the relationship between
linguistic and non-linguistic cognitive control. Itmay be beneﬁcial
to move beyond the question of whether or not there are bilingual
cognitive advantages and instead consider the role of environ-
mental factors (including bilingualism) in the development of
language and cognitive skills, in a more continuous and demo-
graphically representative manner. Although the present study
cannot dissociate between SES and bilingualism in their inﬂu-
ences of cognitive control, it does identify plausible directions for
future investigation of demographic variables that may impact
the development of both non-linguistic and linguistic cognitive
skills. In the General Discussion, we outline the mechanisms that
may underlie the signiﬁcant relationships between non-linguistic
and linguistic cognitive control skills in monolinguals, and pro-
pose a number of hypotheses for the lack of such a relationship in
bilinguals.
GENERAL DISCUSSION
In two studies, we examined the relationship between linguis-
tic and non-linguistic cognitive control skills in two populations,
monolingual English-speaking children and bilingual Spanish-
English speaking children. The present paper is the ﬁrst to examine
direct links between linguistic and non-linguistic cognitive con-
trol skills in monolingual children and in bilingual children.
The two studies demonstrated that typically developing monolin-
gual English-speaking children from middle SES backgrounds as
well as bilingual English-Spanish speaking children from low SES
backgrounds found it difﬁcult to process grammatical informa-
tion in the context of conﬂicting semantic information. Further,
monolingual childrenwith better non-linguistic inhibitory control
skills were better able to manage this linguistic conﬂict, sug-
gesting recruitment of domain-general cognitive-control skills
for linguistic processing. However, bilingual children did not
appear to recruit non-linguistic cognitive control skills during
linguistic processing, suggesting that bilinguals, unlike mono-
linguals, may rely on local inhibitory control skills only (i.e.,
only linguistic inhibition) for resolving conﬂict in the linguistic
domain.
Studies that attempt to directly link non-linguistic cognitive
control and linguistic cognitive control are rare in both mono-
linguals and bilinguals. The only study to directly examine this
relationship in monolinguals reported null results (Alario et al.,
2012). A possible explanation for the different results in Alario
et al. (2012) study and our Study 1 may be that the present study
used a more complex linguistic task than the picture naming and
the lexical decision tasks used by Alario et al. (2012). A few studies
that have examined the strength of relationships between a linguis-
tic processing task and a non-linguistic executive-function task
in bilingual vs. monolingual speakers (Blumenfeld and Marian,
2011; Prior and Gollan, 2011; Kaushanskaya et al., 2014) reported,
in general, stronger links between cognitive and linguistic perfor-
mance in bilingual populations. However, our ﬁndings suggest
the opposite. While Study 1 provided evidence that monolin-
gual children recruit non-linguistic inhibitory control skills when
processing complex (incongruent) syntactic information, Study 2
provided evidence that bilingual children do not. Two parame-
ters associated with Study 2 may be the causal factors behind the
different patterns of results between our work and prior studies
attempting to link non-linguistic and linguistic processing in bilin-
guals (Blumenfeld and Marian, 2011; Kaushanskaya et al., 2014).
First, the recruitment of bilingual children from low SES back-
grounds for Study 2 not only made it impossible for us to compare
them directly to the monolingual children from mid-SES back-
grounds for Study 1, but also made it possible for SES to exert
an inﬂuence on both linguistic and non-linguistic performance.
Second, for the majority of the bilingual children in our study,
English was the second language (L2), whereas previous studies
that have identiﬁed stronger linkages between linguistic and non-
linguistic tasks in bilinguals have tested bilinguals who performed
the linguistic task in their native language.
With regard to SES being the mediating factor behind the dif-
ferent patterns of results observed between Study 2 and Study 1,
both SES and bilingualism likely bear relationships to linguistic
development and the development of cognitive skills in children.
For instance, it is well documented that lower SES is associated
with reduced gains in children’s cognitive (Noble et al., 2005) and
linguistic development (Hart and Risley, 1995). Similarly, bilin-
gualism has an impact on language processing in that bilinguals
are often reported to be slower than monolinguals on language
comprehension (e.g., Kroll et al., 2008) and production tasks (e.g.,
Gollan et al., 2005). Therefore, it may be that the combination
of low SES and an unstable language processing system instanti-
ated in our bilingual children in Study 2 imposed fundamentally
different processing demands on the GJ task for the bilingual
children.
Evidence for different mechanisms that may underlie bilin-
guals’ vs. monolinguals’ performance on the GJ task comes from
correlation and regression analyses where SES was examined in
relation to children’s performance on the GJ task. For monolin-
gual children in Study 1, SES bore a limited relationship to GJ
performance, whereas for bilingual children in Study 2, SES was
strongly linked to GJ performance. The ﬁnding that SES has a
stronger predictive power over second-language performance vs.
native-language performance is consistent with prior studies of
SES and linguistic development in bilinguals (e.g., Quiroz et al.,
2010; Hammer et al., 2012; Buac et al., 2014). For instance, in
our prior work (Buac et al., 2014), we showed that SES was more
strongly related to bilingual children’s vocabulary skills in their
second language (English) than in their native language (Span-
ish). In our current study, the pattern of results indicates that
bilingual children’s performance on the English GJ task was likely
affected by both children’s bilingual status as well as by their SES.
This may have diluted the mechanistic link between the inhibitory
control bilingual children exercised during the linguistic task, and
the inhibitory control they exercised during the non-linguistic
task.
Another interpretation of the different patterns of results
observed for the bilingual children in Study 2 is to ascribe these
to second-language vs. native-language processing demands. That
is, the lack of relationships between non-linguistic and linguis-
tic cognitive control in bilingual children can be interpreted to
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suggest that linguistic processing in the second language may be
less linked to global cognitive control. The GJ task used in the
present study required children to suppress semantic information
in English. For the majority of bilingual children, this meant that
they were required to process and ignore semantic information
in their relatively weaker second language. The lack of the rela-
tionship between GJ and ﬂanker data for the bilingual group may
indicate that activation of semantic information in the L2 during
the GJ task may not have exceeded a critical threshold that would
require active inhibition. This interpretation may be consistent
with the Revised Hierarchical Model of L2 processing (Kroll and
Stewart, 1994), which posits weak direct links between the L2 lex-
ical system and the conceptual store during the early phases of L2
acquisition (but see Brysbaert and Duyck, 2010). If we consider
the bilingual children in our study to be in relatively early phases of
English acquisition, then it is possible that incongruent semantic
information was activated strongly enough to interfere with gram-
matical processing, but not strongly enough to require top-down
domain-general inhibition mechanisms to come on line to resolve
the interference.
Yet another possibility behind the different patterns of results
in Study 1 vs. Study 2 may be that the ﬂanker task captured dif-
ferent capabilities in the monolingual versus the bilingual group.
The monolingual children in Study 1 were both less accurate and
slower on the incongruent ﬂanker trials – a pattern of results
typically interpreted to suggest difﬁculty with resolving percep-
tual conﬂict. However, the bilingual children in Study 2 were
impacted by the incongruency of the arrows only in the accu-
racy data, with RT data being comparable across the congruent
and the incongruent conditions. In prior studies of bilingual exec-
utive function, such lack of RT differences between congruent
and incongruent conditions was interpreted as successful inhibi-
tion of the incongruent spatial dimension, and thus an advantage
on non-linguistic inhibitory control tasks (e.g., Costa et al., 2008,
2009). However, in our study, the presence of the incongruency
effects in the accuracy data indicates that the bilingual children
experienced signiﬁcant interference from the incongruent spatial
information on the ﬂanker task, but that this interference did
not pervade all aspects of performance. If our ﬂanker task was
unsuccessful in capturing non-linguistic inhibition in bilinguals,
then it would be unlikely to predict linguistic inhibition in this
group.
Finally, it is important to point out that the directionality of
a relationship between non-linguistic cognitive control and lin-
guistic cognitive control is not a forgone conclusion, and it is
possible that linguistic skills contribute to non-linguistic cogni-
tive control. That is, the ability to linguistically formalize the
response rule may facilitate performance on a seemingly non-
linguistic task such as the ﬂanker. In previous work, just such a
role of language in the development of the executive functions
was proposed (Zelazo et al., 1996; Zelazo and Frye, 1998; Zelazo
et al., 2003), with a number of studies demonstrating that label-
ing can improve performance on some classically non-linguistic
executive-function measures (e.g., Kirkham et al., 2003; Müller
et al., 2004). Such an interpretation may inform the results of
Study 2, where the lack of the relationships between the GJ
and the ﬂanker data could be interpreted as bilingual children’s
inability (or lack of need) to use their second language to for-
malize response rules while performing the ﬂanker task. Studies
that examine the directionality of the relationship between lin-
guistic and non-linguistic cognitive control skills are crucial. In
principle, the present experiments could have approached the
question regarding the relationship between linguistic and non-
linguistic cognitive control skills from the reverse hypothesis—that
linguistic control skills may drive cognitive control skills. In fact,
when we conducted the analyses that would test this hypothesis
(by splitting children up based on their GJ scores and examin-
ing group differences on the Flanker task), we observed that in
the monolingual group, children who performed better on the GJ
task performed better on the incongruent, but not the congruent,
condition of the Flanker task. However, in the bilingual group,
there were no signiﬁcant differences between children split on
the basis of their GJ performance. Because of the cross-sectional
nature of this study, analyses that test both directions of inﬂu-
ence are redundant with each other. It is therefore prudent to state
that the ﬁndings of the present work suggest that linguistic and
non-linguistic cognitive control skills are more tightly bound in
monolingual children than in bilingual children, without spec-
ifying the direction of the effects. Future work that takes both
sides of this causal chain into account, and considers the develop-
ment of linguistic and the non-linguistic cognitive control skills
longitudinally in groups of children that span the continuum of
linguistic ability (native speakers to second-language learners; typ-
ically developing children to children with language impairments)
and SES backgrounds are necessary before we can state with cer-
tainty whether (and how) linguistic and cognitive mechanisms
interact in development.
In general, it is evident that further research is necessary in
order to substantiate the existence of links between linguistic and
non-linguistic cognitive control mechanisms, and to examine the
relative strength of these links across bilingual vs. monolingual
populations. The ability to conduct such research is complicated
by the ﬁndings that bilingualism may inﬂuence different compo-
nents of cognitive control skills distinctly (see Hilchey and Klein,
2011 for a detailed review), that different aspects of bilingual expe-
rience may yield distinct inﬂuences on cognition (Blumenfeld and
Marian, 2009; Barac and Bialystok, 2012), and that developmen-
tal stages interact with bilingualism in shaping the EF (Barac and
Bialystok, 2012). We interpret our ﬁndings in Study 1 to sug-
gest that linguistic and non-linguistic inhibitory control skills may
mutually reinforce each other in monolingual children. We inter-
pret our ﬁndings in Study 2 to suggest that linguistic inhibitory
control skills exercised in the second language may arise indepen-
dently from non-linguistic cognitive control skills used to resolve
perceptual conﬂict.
Of course, all such interpretations of the different patterns
of ﬁndings in Study 1 vs. Study 2 must be taken cautiously.
The groups of children in the two studies represent common US
demographic trends, with monolingual English-speaking children
occupying middle SES households and bilingual Spanish-English
speaking children occupying low SES households. However, the
two samples likely differ not just in their SES, but also in their
language abilities, ethnic and cultural identities, immigrant sta-
tus, family structures, etc. Thus, it is difﬁcult to attribute the
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different relationships between linguistic cognitive control and
non-linguistic cognitive controlwithin each group to any one indi-
vidual factor that distinguishes them. The present study took only
the ﬁrst step towards identifying whether a relationship between
linguistic and non-linguistic cognitive control skills holds in sam-
ples of monolingual and bilingual children that represent the
widest segments of their respective populations.
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